Introduction
============

Road traffic crashes (RTCs) are a leading cause for the global burden of disease and injury[@b1-ceor-9-107],[@b2-ceor-9-107] and an acknowledged major public health problem. The Decade of Action for Road Safety 2011--2020 was declared by the United Nations Assembly in an effort to address the problem. According to the World Health Organization, middle-income countries have the highest rates of fatality compared to low- or high-income countries.[@b3-ceor-9-107] This stands true in Malaysia, where the vast majority of injuries are related to RTCs. RTCs are ranked as the fourth highest cause of death (8.03%) and the seventh highest reason for admission to public hospitals (4.85%).[@b4-ceor-9-107] Statistics provided by the Malaysian Institute of Road Safety Research showed that in 2010, 414,421 RTCs occurred, resulting in 28,269 casualties and 6,872 deaths.[@b5-ceor-9-107] This huge figure inflicts a massive cost burden on society.

In a high-income country like the US, the cost of fatal or nonfatal RTCs was estimated to be US\$99 billion.[@b6-ceor-9-107] A publication from Malaysia reported that the costs involved in RTCs was RM623.5 million, which was equivalent at the time to US\$243.6 million (at an exchange rate of US\$1= RM2.56 in 1988).[@b7-ceor-9-107]

Oral and maxillofacial injuries are among the most common injuries occurring in RTCs.[@b8-ceor-9-107],[@b9-ceor-9-107] The facial area is susceptible to injury resulting from the impact of an accident, as it is the most exposed part of the body.[@b10-ceor-9-107] Several studies have reported the incidence and treatment of facial injury (FI);[@b11-ceor-9-107]--[@b13-ceor-9-107] however, the actual cost of managing these injuries is not frequently reported. In addition, there are no local or regional data on economic loss due to FI.

Studies specific to the costs of FI have been conducted in other countries, particularly those with high income. A study in North Carolina showed that the mean hospital charge for inpatients with isolated facial fractures admitted directly from the emergency department was significantly higher (US\$3,556.66; length of stay \[LOS\]: 2 days) compared to similarly injured patients admitted electively as outpatients, with no significant differences in complication rate. This indicated a significant decrease in cost for patients admitted with scheduled surgery compared with urgent admission from the emergency department.[@b14-ceor-9-107] Most trauma cases in Malaysia are admitted through emergency departments. This prospective study was conducted in two tertiary care centers to determine the direct treatment costs incurred in managing facial trauma caused by RTCs.

Materials and methods
=====================

This study was approved by the ethics committees of Universiti Kebangsaan Malaysia (1.5.3.5/FG-002-2010) and Universiti Sains Malaysia (USMKK/PPP/JePeM/217.3.06). A prospective cohort study was conducted to determine the etiology and cost of managing facial trauma due to RTCs in two university hospitals in Malaysia from July 2010 to June 2011. The patients were recruited from the emergency departments and reviewed after 6 months from the date of the initial treatment to ascertain the usage of health care facilities. The two study sites were Universiti Kebangsaan Malaysia Medical Centre in Kuala Lumpur and Hospital Universiti Sains Malaysia in Kota Bharu. Both have large medical facilities, with 1,040 and 747 beds, respectively.

Inclusion criteria were patients with FIs sustained as the result of RTCs, and treated in the selected hospitals until fit to be discharged. Patients were excluded from the study if they 1) were dead on arrival, 2) had been transferred from other hospitals, as hospital costs are different, or 3) did not provide consent to participate in this study. Informed consent was provided by all the selected patients.

FI is defined as any injury that occurs between the hairline and the chin region. Body injuries include injuries that occur on other body parts except the face. Demographic and clinical data were obtained from the patients' medical records. Injury severity was assessed using the Glasgow Coma Scale (GCS)[@b15-ceor-9-107] and the Abbreviated Injury Scale (AIS).[@b16-ceor-9-107] GCS scores range from 3 to 15, with a score of \>12 indicating mild injury, a score of 9--12 indicating moderate injury, and a score of \<9 indicating severe brain injury.[@b15-ceor-9-107] In this study, we used the GCS score that had been documented upon presentation at emergency departments.

The AIS measures severity according to injuries sustained in six regions of the body: head and neck, face, chest, abdomen, extremities, and the external.[@b16-ceor-9-107] Following that, the Injury Severity Score (ISS) was calculated.[@b17-ceor-9-107] ISS values range from 0 to 75, with higher values indicating greater severity.[@b17-ceor-9-107] Mild injury is defined as scores \<9, followed by moderate injury (9--15), severe (16--25), and very severe (\>25).[@b17-ceor-9-107],[@b18-ceor-9-107] In addition, the Maximum AIS (MAIS) is used to determine the most severe injury within a body region, especially when multiple injuries are present.

Patient care was categorized as inpatient care or outpatient care. Inpatient care may involve single or multiple hospital admissions. The length of hospitalization is described as LOS, calculated according to number of days stay in the respective wards. The cost of treatment included direct costs incurred by the hospitals, consisting of all admissions and outpatient visits for 6 months from the initial treatment. The cost of treatment was calculated using the top-down costing methodology based on the unit cost of in-hospital medical care.

Using the hospital case-mix system, the costs took into account differences in severity and incorporated direct medical costs incurred by the hospital in providing medical care, as well as overhead costs, administration costs, pharmacy and laboratory department overheads, as well as other support costs.[@b19-ceor-9-107] An additional cost that involved the plating system was included into the total payment when an open reduction and internal fixation was performed.

This study applied an annual discount rate of 5% for all capital costs to the net present value at 2010, the study reference year. Buildings were depreciated over a period of 20 years, while equipment was depreciated over a period of 5 years. Only capital inputs used within the activity scope of this study were considered.

Step-down costing was performed to determine the cost of managing FIs and facial and other injuries (FOIs) in both hospitals based on the patient characteristics. All costs were converted to US\$ values based on the average exchange rate during the study period (US\$1 was equivalent to RM3.1.[@b20-ceor-9-107]

Statistical analysis
--------------------

Data analysis was carried out using PASW, version 18 (SPSS, Chicago, IL, USA). Descriptive analyses were performed, and are presented as means and standard deviation (SD) for numerical variables or frequency and percentage for categorical variables. The *χ*^2^ test or Fisher's exact test was carried out for comparisons among independent categorical variables (age groups, sex, level of education, ISS categories, GCS categories, discharge outcome, and number of admissions) and dependent categorical variables (FI, FOI and injury severity). For comparison between each independent numerical variable (age, ISS, LOS, inpatient cost for admission), FI and FOI, Student's *t*-test was used. Analysis of variance (ANOVA) was used for comparison between each independent numerical variable (LOS and inpatient cost for admission) and injury severity. Normality was checked prior to the use of *t*-test or ANOVA. The level of significance was set at *P*\<0.05.

Results
=======

A total of 190 patients who fulfilled the inclusion criteria at the two emergency departments were recruited into the study: 83 (43.7%) had FI only, and the remaining 107 (56.3%) had FOI, as shown in [Table 1](#t1-ceor-9-107){ref-type="table"}. Most of the patients had a secondary level of education (n=149, 78.4%). They were mostly males (n=158, 83.2%) with a mean age of 28 years (SD= 15.3). There were no statistically significant differences in age, sex, or education level between patients with FI and FOI. Most of the patients (n=171, 90%) sustained mild injury, with a mean ISS of 5.4 (SD= 4.2). Patients with FOI had significantly greater mean ISS than those with FI only (8.1 vs 1.9, *P*\<0.001) ([Table 1](#t1-ceor-9-107){ref-type="table"}).

Hospitalization was required for 63.6% of patients treated for FOI compared to 22.9% of patients presenting with FI only (22.9%), as shown in [Table 2](#t2-ceor-9-107){ref-type="table"}. The majority of patients admitted for FOI (n=58, 54.2%) and FI only (n=16, 19.3%) required one hospital admission only. Nine patients with FOI were admitted twice (8.4%), and one patient was admitted four times (0.9%). In the FI-only group, two patients (2.4%) were admitted twice and one was admitted three times (1.2%). The mean LOS per admission was longer for patients with FOI (7.8 days) compared to patients with FI only (5.8 days), and this was shown to be statistically significant (*P*\<0.05) ([Table 2](#t2-ceor-9-107){ref-type="table"}).

Patients with FOI had higher treatment costs, with a mean cost of US\$1,716.47, compared to patients admitted for FI only, with a mean cost of US\$1,261.96 (*P*\<0.05), as shown in [Table 3](#t3-ceor-9-107){ref-type="table"}. Graded by ISS, the majority of the patients (84.2%) fell into the mild category, followed by moderate (9.5%), severe (5.3%), and very severe (1.1%) as shown in [Table 4](#t4-ceor-9-107){ref-type="table"}.

For patients with multiple admissions, 4.3% of patients (seven patients) with mild injury were admitted twice. Two patients (11.1%) with moderate injury were admitted twice, and one patient (5.6%) was admitted three times. Two patients (20%) with severe injury were admitted twice. One patient (50%) with very severe injury was admitted four times. The average lengths of stay for mild, moderate, severe, and very severe injuries were 6.4, 9.8, 11.2, and 13.4 days, respectively ([Table 4](#t4-ceor-9-107){ref-type="table"}).

The mean costs for LOS by severity were US\$1,335.23 for mild, US\$2,044.57 for moderate, US\$2,336.66 for severe, and US\$2,795.64 for very severe patients, as shown in [Table 5](#t5-ceor-9-107){ref-type="table"}. Statistically significant differences were found in the number of admissions (*P*\<0.05), LOS per admission (*P*\<0.05), and inpatient hospital cost according to LOS with injury severity (*P*\<0.05) as shown in [Tables 4](#t4-ceor-9-107){ref-type="table"} and [5](#t5-ceor-9-107){ref-type="table"}.

Treatment costs for some common procedures in one of the university hospitals are shown in [Table 6](#t6-ceor-9-107){ref-type="table"}. The costs shown were estimated from the actual cost and following subsidization by the government. The costs doubled if the treatment was performed under general anesthesia (GA) compared to local anesthesia (LA). For example, wound cleansing and suturing under LA cost US\$93.80--\$110.50 compared to US\$277.70 under GA. Similarly, a doubling in cost was also observed in closed reduction of mandibular fractures under GA compared to LA.

MAIS 2 fracture treatment costs ranged between US\$133.80 and US\$577.70. MAIS 3 fracture treatment was shown to be US\$851.90. Moreover, an extra cost, usually between US\$322.6 and US\$483.9, is included in a patients' final payment if a plating system is used. This cost increases with the number of miniplates and screws ([Table 6](#t6-ceor-9-107){ref-type="table"}).

Discussion
==========

The most common injuries sustained in RTCs were lacerations and open wounds (50.7%) and superficial wounds (29.2%).[@b21-ceor-9-107] These types of injuries were also common in other parts of the body, such as the head, chest, abdomen, and spine.[@b22-ceor-9-107],[@b23-ceor-9-107] Many of the RTC-related injuries contribute to a range of morbidities, and there have been earlier studies ascertaining the prevalence of facial injuries in Malaysia.[@b11-ceor-9-107],[@b24-ceor-9-107],[@b25-ceor-9-107] However, despite the possibility of substantial health and burden of injuries, there has not been any research conducted to estimate the cost of managing these injuries. This study attempted to provide some insight into the costs related to FIs in the country.

This study showed that patients with FI were hospitalized for an average of 5.8 days, whereas patients with FOI had a longer LOS of 7.8 days. This result was consistent with previous studies that reported longer duration for treatment and recovery in patients with multiple injuries.[@b14-ceor-9-107],[@b26-ceor-9-107],[@b27-ceor-9-107] Similarly, patients with mild injury (ISS \<9) had shorter LOS (6.4 days) compared with patients with very severe injury (ISS \>25, LOS=13.4 days).

The results were consistent with the expectation that the more severe the injury, the longer the LOS, as treatment and recovery for more severely affected patients takes a longer time. Multiple hospital admissions to manage a fracture are common in maxillofacial practice in this country. The first admission is related to emergency or urgent treatment, which includes pain control and feeding. The patient will be discharged and return the next few days for an elective admission for surgery. The reason for this practice is the unavailability of the GA session during the first admission.

The inpatient cost per admission for FOI was US\$1,716.47, while for patients with FI it was US\$1,261.96. This cost was without plating system usage. With the use of a plating system, an additional cost of US\$322.6--\$483.9 was imposed on patients. The cost per admission increased with higher severity scores. These results are consistent with findings from other studies.[@b28-ceor-9-107]--[@b31-ceor-9-107] The most significant cost-related factors in this study were LOS, severity, and type of injury.

US hospital ward charges alone can vary between US\$2,759 and US\$5,041, and if an operating theater is included, then charges can vary between US\$5,792 and US\$8,069.[@b32-ceor-9-107] The health system in high-income countries like the US differs very much compared to the health system in a middle-income country like Malaysia. The majority of hospital care in Malaysia is still dominated by the public or government sector. Generally, the Malaysian government supports 98% of the health costs for every patient.[@b33-ceor-9-107] A 2010 Malaysian government financial report showed that 4.4% of gross domestic product was allocated to health care.[@b34-ceor-9-107]

Hospital costs (except plating system cost) are waived for all government employees and pensioners. Whether in full or partial, waivers are provided to senior citizens, as well as government school students and persons with disabilities. There are some differences in costing between the Ministry of Health (MOH) and the Ministry of Education hospitals (or university hospitals).[@b35-ceor-9-107] There are \>130 MOH hospitals and three university hospitals in Malaysia.

Zaloshnja et al showed in the US that the medical costs for MAIS 1 and 2 of nonfracture cases were US\$959 and US\$9,540, respectively. Additionally, MAIS 1, 2, and 3 fracture cases cost US\$2,370, US\$3,730, and US\$5,091, respectively.[@b36-ceor-9-107] In Australia, treatment of mandibular fractures was shown to be AU\$793--\$12,780, orbital fractures AU\$6,991--\$14,339, zygomatic complex AU\$5,448--\$14,512, and maxillary sinus AU\$8,385--\$15,772.[@b31-ceor-9-107]

In addition, Naumann et al in the US estimated that total medical and lost productivity costs of all injuries were US\$99 billion in 2005.[@b6-ceor-9-107] Of the \$99 billion, the costs of managing nonfatal hospitalized injuries were US\$28 billion, whereas the costs for treatment at the emergency department followed by release were US\$14 billion.[@b6-ceor-9-107] Nonfatal injuries would have included injuries similar to those examined in our study. Therefore, the total economic costs of even minor nonfatal injuries can be significant when other economic costs are taken into account.

Limitations
-----------

There were several limitations to this study. Firstly, the study obtained primary data from two hospitals only, both tertiary care centers, and may not be representative of all Malaysian hospitals. A bigger sample drawn from more diverse health institutions, particularly from MOH hospitals, would increase the representativeness of the study results. However, the cost needs to be calculated as actual cost and not subsidized cost, as MOH hospitals are heavily subsidized by the government.

Secondly, this study addressed only direct medical cost incurred in the emergency department, ward, operating theater, pharmacy, and outpatient clinic. Information from the time of the crash through prehospital management to completion of treatment (including rehabilitation) would provide sufficient data for economic planning that includes preventive strategies.

Conclusion
==========

This study found that FOI incurs greater costs than FI alone. The cost increases with severity of injury, hospital LOS, type of anesthesia, and operating theater involvement. It is hoped that these findings are helpful in understanding the medical costs incurred by health care institutions that provide care for these injuries. Further research should be conducted to attain better representativeness of the Malaysian population, as well as gain better insight into the types of accidents and vehicles involved. In addition, the economic costs of all injuries caused by RTCs should be undertaken. Additional information would allow better decision making by health care providers and policy makers.
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###### 

Descriptive data on patients who sustained facial injuries alone and facial injuries with other injuries

  Sample characteristics      Total, n (%)   Facial injuries with other injuries, n (%)   Facial injuries alone, n (%)   *P*-value
  --------------------------- -------------- -------------------------------------------- ------------------------------ --------------------------------------------------------
  **Total patients**          190 (100)      107 (100)                                    83 (100)                       
  **Age, years, mean (SD)**   28 (15.3)      27.6 (15.4)                                  28.5 (15.4)                    0.358[\*](#tfn1-ceor-9-107){ref-type="table-fn"}
  **Age-group**                                                                                                          
  \<16 years                  15 (7.9)       6 (5.6)                                      9 (10.8)                       
  16--25 years                99 (52.1)      64 (59.8)                                    35 (42.2)                      0.071[\*\*](#tfn2-ceor-9-107){ref-type="table-fn"}
  26--40 years                41 (21.6)      18 (16.8)                                    23 (27.7)                      
  \>40 years                  35 (18.4)      19 (17.8)                                    16 (19.3)                      
  **Sex**                                                                                                                
  Male                        158 (83.2)     86 (80.4)                                    72 (86.7)                      0.244[\*\*](#tfn2-ceor-9-107){ref-type="table-fn"}
  Female                      32 (16.8)      21 (19.6)                                    11 (13.3)                      
  **Education**                                                                                                          
  No formal education         14 (7.4)       9 (8.4)                                      5 (6)                          
  Primary                     8 (4.2)        4 (3.7)                                      4 (4.8)                        0.048[\*\*\*](#tfn3-ceor-9-107){ref-type="table-fn"}
  Secondary                   149 (78.4)     78 (72.9)                                    71 (85.5)                      
  Tertiary                    19 (10)        16 (15)                                      3 (3.6)                        
  **ISS, mean (SD)**          5.4 (4.2)      8.1 (6.2)                                    1.9 (1.7)                      \<0.001[\*](#tfn1-ceor-9-107){ref-type="table-fn"}
  **ISS categories**                                                                                                     
  Mild (0--9)                 160 (84.2)     78 (72.9)                                    82 (98.8)                      
  Moderate (10--15)           18 (9.5)       17 (15.9)                                    1 (1.2)                        \<0.001[\*\*\*](#tfn3-ceor-9-107){ref-type="table-fn"}
  Severe (16--25)             10 (5.3)       10 (9.3)                                     0                              
  Very severe (\>25)          2 (1.1)        2 (1.9)                                      0                              
  **GCS on ED arrival**                                                                                                  
  Mild (15--13)               171 (90)       91 (85)                                      80 (96.4)                      
  Moderate (8--12)            6 (3.2)        6 (5.6)                                      0                              0.016[\*\*\*](#tfn3-ceor-9-107){ref-type="table-fn"}
  Severe (3--7)               5 (2.6)        5 (4.7)                                      0                              
  Unknown                     8 (4.2)        5 (4.7)                                      3 (3.6)                        
  **Discharge outcome**       181 (95.3)     98 (91.6)                                    83 (100)                       
  Discharge home              9 (4.7)        9 (8.4)                                      0                              
  Transfer to other ward                                                                                                 0.005[\*\*\*](#tfn3-ceor-9-107){ref-type="table-fn"}

**Notes:**

Student's *t*-test;

Pearson's *χ*^2^;

Fisher's exact test. Data presented as n (%) unless stated otherwise.

**Abbreviations:** SD, standard deviation; ISS, Injury Severity Score; GCS, Glasgow Coma Scale; ED, emergency department.

###### 

Hospital admission according to injury type

  Hospital admission                   Facial injuries with other injuries (N=107), n (%)   Facial injuries only (N=83), n (%)   *P*-value
  ------------------------------------ ---------------------------------------------------- ------------------------------------ ----------------------------------------------------
  Total inpatients                     68 (63.6)                                            19 (22.9)                            
   One admission                       58 (54.2)                                            16 (19.3)                            
   Two admissions                      9 (8.4)                                              2 (2.4)                              0.46[\*](#tfn5-ceor-9-107){ref-type="table-fn"}
   Three admissions                    0                                                    1 (1.2)                              
   Four admissions                     1 (0.9)                                              0                                    
  LOS per admission, days, mean (SD)   7.8 (5.7)                                            5.8 (2.9)                            0.038[\*\*](#tfn6-ceor-9-107){ref-type="table-fn"}
  **Total outpatients**                39 (36.4)                                            64 (77.1)                            

**Notes:**

Fisher's exact test;

Student's *t*-test. Data presented as n (%) unless stated otherwise.

**Abbreviations:** SD, standard deviation; LOS, length of stay.

###### 

Cost by injury type

  Inpatient cost                                                  Facial injuries with other injuries (US\$), mean (SD)   Facial injuries only (US\$), mean (SD)   *P*-value
  --------------------------------------------------------------- ------------------------------------------------------- ---------------------------------------- --------------------------------------------------
  **Inpatient cost per admission (per patient until recovery)**   1,716.47 (1,230.05)                                     1,261.96 (630.18)                        0.032[\*](#tfn8-ceor-9-107){ref-type="table-fn"}

**Note:**

Student's *t*-test.

**Abbreviation:** SD, standard deviation.

###### 

Hospital admission according to injury severity

  Hospital admission                       Severity                                            
  ---------------------------------------- ------------ ----------- ------------ ------------- -----------------------------------------------------
  **Inpatient care**                                                                           
  **Total inpatients**                     57 (35.6)    18          10           2             
  One admission                            50 (31.3)    15 (83.3)   8 (80)       1 (50)        
  Two admissions                           7 (4.3)      2 (11.1)    2 (20)       0             0.02[\*](#tfn10-ceor-9-107){ref-type="table-fn"}
  Three admissions                         0            1 (5.6)     0            0             
  Four admissions                          0            0           0            1 (50)        
  **LOS per admission, days, mean (SD)**   6.4 (5.7)    9.8 (5.9)   11.2 (5.9)   13.4 (10.5)   0.008[\*\*](#tfn11-ceor-9-107){ref-type="table-fn"}
  **Outpatients**                          103 (64.4)   0           0            0             

**Notes:**

Pearson's *χ*^2^;

Student's *t*-test. Data presented as n (%) unless stated otherwise.

**Abbreviations:** SD, standard deviation; LOS, length of stay.

###### 

Inpatient hospital cost according to LOS and injury severity

  Inpatient hospital cost                                 Injury severity                                                                         
  ------------------------------------------------------- --------------------- --------------------- --------------------- --------------------- ---------------------------------------------------
  **Inpatient cost according to LOS (US\$), mean (SD)**   1,335.23 (1,189.19)   2,044.57 (1,230.91)   2,336.66 (1,230.91)   2,795.64 (2,190.62)   0.007[\*](#tfn13-ceor-9-107){ref-type="table-fn"}

**Note:**

Analysis of variance. Cost of inpatient US\$208.63 per day.

**Abbreviations:** LOS, length of stay; SD, standard deviation.

###### 

Costs for various treatments in one of the university hospitals

  Type of treatment                                                     Estimated actual cost (US\$)   Cost after subsidy (US\$)
  --------------------------------------------------------------------- ------------------------------ ---------------------------
  Wound cleansing and suturing under LA (simple wound) (MAIS 1)         93.80                          25.80
  Wound cleansing and suturing under LA (complex wound) (MAIS 1 or 2)   110.50                         48.40
  Wound cleansing and suturing under GA (MAIS 1 or 2)                   277.70                         161.30
  Closed reduction of mandibular fracture under LA (MAIS 1 or 2)        133.80                         96.80
  Closed reduction of mandibular fracture under GA (MAIS 1 or 2)        300.30                         129.00
  Open reduction of mandibular fracture under GA (MAIS 1 or 2)          368.00                         241.90
  Open reduction of zygomatic complex under GA (MAIS 2)                 311.60                         129.00
  Orbital wall/floor fracture open reduction under GA (MAIS 2)          577.70                         241.90
  Le Fort 1 ORIF under GA (MAIS 2)                                      351.90                         241.90
  Le Fort 3 ORIF under GA (MAIS 3)                                      851.90                         241.90

**Abbreviations:** LA, local anesthesia; MAIS, Maximum Abbreviated Injury Scale; GA, general anesthesia; ORIF, open reduction and internal fixation.
